In 1921, Wiggers and Feil in a study of experimental mitral insufficiency observed an elevation of left atrial pressure when the aorta was constricted (1). This finding has subsequently been confirmed both in experimental animals (2, 3) and in a circulatory model (4). In recent experiments "mitral" regurgitant flow was produced and measured by permitting blood to pass from the left ventricle through a flow meter into the left atrium (5). It was observed that with any given mitral regurgitant orifice the regurgitant flow could be substantially increased by elevating the resistance to left ventricular ejection with graded aortic constriction.
In 1921, Wiggers and Feil in a study of experimental mitral insufficiency observed an elevation of left atrial pressure when the aorta was constricted (1) . This finding has subsequently been confirmed both in experimental animals (2, 3) and in a circulatory model (4) . In recent experiments "mitral" regurgitant flow was produced and measured by permitting blood to pass from the left ventricle through a flow meter into the left atrium (5) . It was observed that with any given mitral regurgitant orifice the regurgitant flow could be substantially increased by elevating the resistance to left ventricular ejection with graded aortic constriction.
The experimental observations listed above suggested that acutely increased resistance to left ventricular ejection in patients with mitral regurgitation should also result in an elevation of left atrial pressure. It was further reasoned that such elevations of left atrial pressure would not occur in patients without mitral valve disease or with pure mitral stenosis and that this difference in response might therefore be of value in the clinical detection of mitral regurgitation. In addition to such observations in patients, it was considered desirable to determine the effects of elevated aortic pressure on the left atrial pressure pulse in animals before and after the production of experimental mitral regurgitation.
EXPERIMENTAL OBSERVATIONS
Methods. Dogs weighing 14.5 to 20.4 Kg. were studied with intravenous pentobarbital anesthesia and positive pressure respiration. The left chest was entered through the fifth intercostal space. A perforated tygon tube was placed into the left atrium through the appendage; by advancing the end of the tube through the mitral valve into the left ventricle mitral regurgitation was induced and could be abolished by withdrawal of the tube (Figure 1 ). Resistance to left ventricular ejec-35 tion was increased either by an infusion of norepinephrine (0.008 mg. per ml. isotonic saline), or by means of graded constriction of the ascending aorta with an aneurysm clamp. Pressures were recorded from the left atrium and from the aorta proximal to the constriction. In two experiments a Potter turbine flow meter (6) was introduced into the aorta for the continuous registration of systemic flow. All recordings were made on a multichannel oscillograph.
RESULTS
Results representative of 26 experiments performed in eight dogs are illustrated in the experiment shown in Figure 2A . In the absence of mitral regurgitation, striking elevations of aortic pressure raised the v point of the left atrial tracing relatively little. A degree of mitral insufficiency which produced only slight elevation of the v point was then induced. A striking elevation of the left atrial v point occurred when aortic pressure was then raised by aortic constriction. This finding was consistent regardless of whether aortic pressure was elevated by aortic constriction or by norepinephrine infusion.
In two experiments systemic flow was recorded while norepinephrine was infused. A 
The majority of the patients described a brief sensation of pounding in the chest and head accompanying the norepinephrine infusion. Several patients developed occasional premature ventricular contractions during the infusion and one had a brief period of bigeminal rhythm. No complications resulted from the left heart catheterizations.
The results of the clinical studies are summarized in Table I . In the patients without mitral regurgitation (Group I) only a slight elevation of left atrial pressure occurred as systolic arterial pressure was raised (Figures 3 and 4) . The ratio of the elevation of the left atrial v point pressure to the rise in systemic arterial systolic pressures ranged from 2 to 21 per cent, averaging 9 per cent. In contrast, in all but one of the patients with mitral regurgitation (Group II) a substantial rise in left atrial pressure occurred as systemic pressure was elevated (Figures 3 and 5 ).
The ratio of the elevation of the left atrial v point pressure to the rise in systemic arterial systolic pressure ranged from 8 to 126 per cent, averaging 47 per cent. In all but one of these patients (E. C.), this ratio exceeded the highest ratio obtained in patients without mitral insufficiency. The ratios tended to be lower in the patients with combined mitral stenosis and insufficiency (Group IIA) than in the patients with pure mitral insufficiency (Group IIB). In Group IIA the ratios ranged from 8 sure (8) . However, the elevation of the left ventricular function curve by norepinephrine (9) acts in the opposite direction and tends to decrease left atrial pressure. When mitral insufficiency is present, norepinephrine also increases the systolic pressure gradient across the regurgitant orifice and thereby results in increased mitral regurgitant flow and a substantially greater increase in left atrial pressure. In the dogs in which forward systemic flow was metered (Figure 2b ) this elevation of left atrial pressure was accompanied by a fall in forward cardiac output. Other experiments on metered mitral regurgitant flow have shown that total cardiac output, i.e., the sum of regurgitant flow and forward cardiac output, remains relatively constant as forward cardiac output and regurgitant flow vary reciprocally with aortic constriction (5). Thus, in the presence of mitral regurgitation, if left ventricular emptying across the aortic valve is hindered, the blood seeks the other path available to it and mitral regurgitant flow is increased. It would seem to follow that with any given regurgitant orifice, any mechanism operating to increase the left venrticular systolic pressure, such as systemic hypertension or aortic stenosis, would augment mitral regurgitant flow, Similarly, when ventricular systolic -pressure is elevated by aortic insufficiency, coexistent mitral regurgitation is poorly tolerated (10, 11) .
Norepinephrine was the agent chosen to increase peripheral resistance acutely because its effects are transient and the arterial pressure level could therefore be precisely controlled by the speed of infusion. Since it is well recognized that this drug increases myocardial contractility as well as peripheral resistance (9, 12) , it is likely that M.S. if an agent such as methoxamine, which acts predominantly on the periphery, had been employed the elevation of atrial pressure would have been greater in both groups of patients.
The extent to which left atrial pressure is elevated during norepinephrine infusion would appear to be of diagnostic value. The presence of severe, pure mitral insufficiency can generally be recognized in the left atrial pressure tracing (13) . When mitral regurgitation is associated with mitral stenosis, the pressure pulse is modified and sometimes is indistinguishable from that obtained in patients with "pure" stenosis. However, in the present study, the elevation of arterial pressure resulted in greater elevation of left atrial pressure in patients with combined mitral stenosis and insufficiency than in patients with "pure" mitral stenosis. Therefore, -the technique described affords opportunity for the detection of mitral insufficiency in patients with associated mitral stenosis.
Patients who present apical systolic murmurs without elevation of left atrial pressure may present difficult diagnostic problems. While an elevated left atrial v point may suggest the presence of mitral regurgitation, it should be emphasized that this point is often the highest in the left atrial pressure pulse during the cardiac cycle in normal man (14) . The Utilizing the techniques of transbronchial left heart catheterization and norepinephrine infusion, similar observations were made in 20 patients. In the absence of mitral insufficiency (seven patients) the average ratio of increase of v point pressure to increase in systolic peripheral arterial pressure was only 9 per cent. In contrast, in 13 patients with mitral insufficiency this ratio averaged 47 per cent. Although the highest ratios were observed in patients with "pure" mitral insufficiency, striking increases in left atrial pressure were seen in patients with both mitral stenosis and insufficiency. The physiologic mechanisms involved and the usefulness of this technique in the clinical recognition of mitral insufficiency are discussed.
